Background: There is very limited knowledge on the magnitude to which foods with low nutritive value constitute the diet of adults from the province of Quebec. The extent to which these foods impact cardiometabolic risk is also poorly documented. The objective was to assess the contribution of low nutritive value foods to total energy intake (E) and to examine associations with cardiometabolic risk factors among French-speaking adults from 5 administrative regions of the Province of Quebec.
Introduction
Dietary habits, which are influenced by numerous individual, social and environmental factors [1] , have a major role in determining health outcomes and chronic disease development [2] . This is why nutrition public health or agricultural policies are effective instruments for chronic disease prevention [3] . Knowledge of dietary intakes of the population is the cornerstone of such nutrition-focused public health policies [4] . Thus, monitoring dietary habits of the population is crucial for implementing impactful nutrition-focused public health policies aimed at chronic diseases prevention.
We have recently reported poor adherence of Frenchspeaking adults from the Province of Quebec to 2007 dietary guidelines using the Canadian Healthy Eating Index (C-HEI) score [5] . A new Canada's Food Guide (CFG) was just released in 2019 [6] . A key recommendation within these new guidelines is to limit the consumption of low nutritive value foods that contribute to excess sodium, free sugars or saturated fat intake [6] . Recent data on the consumption of such foods and their association with cardiometabolic health in the Canadian population are lacking.
As part of the PREDISE (PRÉDicteurs Individuels, Sociaux et Environnementaux) study, dietary intakes of an age-and sex-representative sample of French-speaking adults from 5 administrative regions of the Province of Quebec were estimated using a validated, web-based 24-h recall instrument, the R24W [7] [8] [9] [10] . The aims of this study were first to assess the contribution of low nutritive value foods to total energy intake (E) and, second, to examine associations with cardiometabolic risk factors. We hypothesized that low nutritive value foods 1) represent an important proportion of total energy intake in adults; 2) are associated with socio-economic status; and 3) are associated with a deteriorated cardiometabolic risk profile.
Method

Study design and participants
Data were collected as part of the multicenter cross-sectional PREDISE study, a web-based investigation designed to assess the association between individual, social and environmental factors and adherence to dietary guidelines among French-speaking adults from the Province of Quebec, Canada. Detailed methods have been reported elsewhere [5] . Briefly, adults were recruited by a survey firm via random digit dialing according to predetermined quotas based on five administrative regions (Capitale-Nationale/Chaudière-Appalaches, Estrie, Mauricie, Montréal and SaguenayLac-St-Jean), three age groups (18-34 y, 35-49 y, 50-65 y) and sex. The sampling quotas were defined according to age-and sex-specific proportions of French-speaking adults in each region. To be eligible, participants had to be between 18 and 65 years of age, to speak French as primary language at home, to have a computer, to have access to Internet and to have a valid email address. Pregnant and breastfeeding women were excluded. Participants that completed all study questionnaires were eligible for a draw to win a gift card or an electronic device. The study protocol was approved by the ethics board of each participating institution. The present study objectives were not pre-specified and are considered exploratory.
Dietary assessment via web-based 24-h recall (the R24W) The R24W
Participants completed the R24W on three unannounced random days over a period of 21 days. Details about the development and validation of the R24W have been reported elsewhere [7] [8] [9] [10] . Briefly, the R24W is a self-administered web-based 24-h recall that has been validated in French-speaking adults using controlled feeding trials, i.e., objectively measured dietary intakes [7] , and food records [8, 9] . Specifically, we have shown in controlled feeding studies that self-reported serving sizes from the R24W strongly correlated with serving sizes received with mean under-reporting of energy intakes that was smaller than 14 kcal [7] . The de-attenuated correlation coefficient (r = 0.49) for intake of low nutritive value foods between the R24W and food records as reference (9) is also within an acceptable range [11] .
Low nutritive value foods
Low nutritive value foods refer to a broad range of foods, beverages and ingredients identified on the basis of thresholds for nutrients of public health concerns or foods not recommended in CFG-2019, as described in Table 1. CFG-2019 does not yet provide a clear definition of what low nutritive value foods entail, beyond the recommendation to limit consumption of highly processed products or of foods and ingredients contributing to saturated fats, sodium and sugars intake [6] . Therefore, nutrient thresholds used in this study were those proposed in the 2014 Health Canada Surveillance Tool (HCST) Tier System [12] . According to this classification, low nutritive value foods, termed Tier 4 foods, are those that exceed at least two predetermined thresholds for either total fat, saturated fats, sugars or sodium (Additional file 1: Table S1 ). Consistent with current guidelines, meeting only the total fat threshold does not classify a food as having a low nutritive value. Low nutritive value foods also include foods that are not recommended in CFG-2019, namely foods with a very high saturated/trans fat or sugar content and other ingredients and beverages described in Table 1 . All mixed dishes in the R24W were disaggregated into their main components to identify those that meet the low nutritive value foods criteria (Additional file 1: Table S2 ). The energy provided by low nutritive value foods is calculated in the R24W based on the 2015 version of the Canadian Nutrient File [13] . As none of the food categories described in Table 1 are recommended in current dietary guidelines, their combined consumption was examined, and mean intakes were calculated using data from all available recalls.
Clinical assessment
Following the dietary assessment period, participants were invited for clinical assessment in their region-specific research center [5] . Height, weight, waist circumference and body fat percentage (BC-418, Tanita, Arlignton Heights, Il) were measured according to a standardized protocol. Office systolic and diastolic blood pressure were measured in the sitting position after a 10 min rest as the mean of three consecutive measurements taken 3 min apart (Digital BPM HEM-907XL model; Omron). For five participants, the assessment of blood pressure was based on only one or two measurements. Twelvehour fasting blood samples were collected from an antecubital vein into evacuated tubes, centrifuged at 17°C for 10 min at 1100×g and sera were stored at − 80°C until serum total cholesterol, triglyceride, and high-density lipoprotein (HDL)-cholesterol concentrations assessment (Roche Modular P system, Roche Diagnostics, Mannheim, Germany). Serum low-density lipoprotein (LDL)-cholesterol concentrations were calculated with the use of the Friedewald equation. Fasting blood glucose concentrations were examined with the use of colorimetry (Hexokinase Method, Roche Modular P System), whereas insulin concentrations were tested with the use of electrochemiluminescence (Cobas 6000, Roche Diagnostics). HOMA-IR was calculated according to the method described by Matthews et al. [14] . All clinical data underwent double entry in the study management system. In participants that underwent clinical assessment, reasons for missing cardiometabolic risk markers included incomplete assessment (n = 3), loss of consciousness (n = 2) or unspecified (n = 15).
Measurement error mitigation Systematic error
Systematic error (or bias) such as under-reporting is more likely to occur with low nutritional value foods than with high nutritive value foods [15] . To mitigate this issue, the plausibility of reported energy intakes was assessed using the method by Huang et al. [16] according to which under-and over-reporters are those with a calculated energy intake:predicted energy requirement ratio < 0.78 and > 1.22, respectively (see Additional file 1: Table S3 and supplemental methods for details). Reporting status was included as a covariate in all analyses, as recommended elsewhere [17, 18] . We have assumed that data from the R24W provide unbiased estimates of population means once the plausibility of reported energy intakes has been considered.
Within-individual random error
Day-to-day and random variations in dietary intakes often result in attenuation of estimates of diet-outcome regression models [19] . Therefore, to account for withinindividual random error, at least partially, we performed regression calibration using all R24W completed and the National Cancer Institute (NCI) methods 2.1 [19, 20] . Regression calibration is a technique where the "true" unobservable usual intakes are replaced by their best mean square error predictor [19] . In the present study, this corresponded to the conditional expectation of the low nutritive value foods intake, as estimated using data [12] . Meeting only the total fat threshold does not classify a food as having a low nutritive value b Foods from the milk and alternative or meat and alternatives food groups are not penalized for their saturated fat content under the 2014 Health Canada Surveillance Tool Tier System [12] from each R24W available, and other covariates. Covariates for the NCI method to predict usual intake values were the same as those in the diet-outcome models and used as described elsewhere with the addition of sequence of recalls [19] . Since the majority of all recalls (98.9%) had reported intakes of low nutritive value foods greater than zero, the NCI's "one-part amount model" was used. A SAS macro that performs regression calibration using the NCI's "one-part amount model" is available online [21] .
Statistical analyses
The statistical software package SAS® Studio (v3.6, Cary, NC) and survey-specific procedures were used for all analyses. For the first objective, calories from low nutritive value foods were analyzed using absolute amounts (in kcal/d) as well as proportion of total energy intake (%E). Since the final PREDISE sample was larger than anticipated, the actual proportion of participants in each stratum slightly differed compared with what was planned originally [5] . To correct for these slight differences, sampling weights were used to ensure exact ageand sex-representativeness in each region [5] . Missing data for body mass index (BMI) category, education and income levels ( Fig. 1) were imputed using the fully efficient fractional imputation methods, as detailed elsewhere [5] . Regression analyses were performed using the jackknife method for estimating variance, which considered the stratified design, sampling weights and the imputed sociodemographic characteristics. Least square means of subgroups were contrasted using PROC SUR-VEYREG and the Tukey-Kramer adjustment for multiple comparisons. Age group, sex, administrative region, BMI category, income and education levels, total number of weekend recalls and reporting status were included as covariates, when appropriate. The SURVEYMEANS procedure was used to obtain the mean contribution of specific food categories among low nutritive value foods to total energy intake. For the second objective, multivariable regression analyses of the association between calories from low nutritive value foods (absolute amounts, in kcal/d) and cardiometabolic risk factors were performed using PROC SURVEYREG. Missing cardiometabolic risk factors were not imputed, because they are the dependent variables in these analyses. To address potential confounding, covariates considered in the models were as follows for model 1: sex, age, administrative region, total number of weekend recalls, reporting status (under-, plausible or over-reporter of total energy intake); model 2: model 1 and BMI (except for the outcome BMI), BMI-adjusted waist circumference (except for the outcome waist circumference and body fat percentage); model 3: model 2 and lifestyle-related factors including self-reported physical activity (0, 1-3, 4-6, 7 or unknown occurrence of moderate or intense physical activity sessions / week), dietary supplement usage (yes or no), medication usage (yes, no or unknown) and education level (high school or no diploma, CEGEP, university or unknown). The predicted usual intake values of calories from low nutritive value foods obtained using the NCI methods were used as a continuous exposure in the regression models to assess association for each increment of 250 kcal. This specific exposure was chosen a posteriori and corresponds roughly to half the interquartile range of reported intakes of low nutritive value foods. Not adjusting for energy intake was privileged since consumption of low nutritive value foods may inherently lead to overconsumption due to their high palatability and energy density [22] . However, we have further examined in sensitivity analyses associations of energy-adjusted exposure of low nutritive value foods to cardiometabolic risk markers. We also investigated the associations between calories from low nutritive value foods and cardiometabolic risk factor in participants stratified according to overall diet quality. Sex-specific medians of the C-HEI were used to dichotomize participants with an arbitrarily low or high diet quality.
Linear regression model fit was assessed visually using normal probability plots. Triglycerides (TG), blood glucose, insulin and HOMA-IR and C-reactive protein were log-transformed. As these are exploratory analyses, no family-wise error rate adjustments were performed.
Results
Flow chart and participants' characteristics
A total of 1147 (objective 1) and 1019 (objective 2) participants were included in the analyses (Fig. 1) . Their characteristics are presented in Table 2 . A total of 185 participants (16.2%) were considered likely to be under-reporters of energy intake. The group above the highest quartile of low nutritive value foods intake (as %E) included more men, younger participants, current smokers and potential over-reporters of energy intake, but fewer participants reporting dietary supplement usage (Table 2) . Participants in the highest quarter of low nutritive value foods consumption reported greater intakes of saturated fats, total sugars and sodium (Table 2) .
Low nutritive value foods consumption
French-speaking adults from Quebec consumed on average 723 kcal per day (95%CI, 697-749 kcal) from low nutritive value foods, which corresponded to 29.0% (95%CI, 28.2-29.7) of total energy intake ( Table 3) . Median intake (27.7%E) was slightly lower than mean intake (Additional file 1: Table S4 ). Intake of low nutritive value foods contributed to a greater proportion of daily energy intake in men than in women (mean difference, 3.2%E; P < 0.0001). Compared with participants in the 35-49 y and 50-65 y age categories, those in the 18-34 y category consumed an additional 2.9%E (P = 0.009) and 3.4%E (P = 0.0004) as low nutritive value foods, respectively. BMI was positively while education level was negatively associated with the %E from low nutritive value foods. Pastries (18%), alcohol (15%), sweets (13%), potato chips/popcorn (6%) and sugar sweetened beverages (6%) were the main single food sources contributing to the 723 daily kcal as low nutritive value foods (Fig. 2) . The proportion of total energy intake from single sources of low nutritive value foods according to sociodemographic subgroups is presented in Additional file 1: Figure S1 . The majority of the daily calories consumed as low nutritive value foods (41%) was consumed at dinner (Fig. 3) . The pattern of consumption at different meals was similar among the various sociodemographic subgroups (not shown). Table 4 depicts the variation in cardiometabolic risk factors for each increment of 250 kcal from low nutritive value foods. In fully-adjusted linear regression models, each increment of 250 kcal from low nutritive value foods was associated with a greater waist circumference (+ 0.6 cm; 95%CI 0.1-1. Assessing these associations without correction for within-person random error (increment of 250 kcal/d of low nutritive value foods, Additional file 1: Table S5 ; increment of 10%E from low nutritive value foods, Additional file 1: Table S6 ) yielded estimates that were generally consistent to those seen when the within-person random error is accounted for. Further adjustment for diet quality and total energy intake also did not materially modify the magnitude of the associations between intake of low nutritive quality foods and cardiometabolic risk factors (Additional file 1: Table S5 ). The only exception was the attenuation of the association with BMI. Finally, in participants with an arbitrarily high overall diet quality compared to those with a diet of lower quality, an increment of 250 kcal/d from low nutritive value foods was less strongly associated with waist circumference (+ 0.2 vs. 1.0 cm, respectively), BMI (+ 1.0 vs 2.8 kg/m 2 , respectively) and triglycerides (+ 4.6% vs. 7.5%, respectively, Additional file 1: Table S7 ).
Cardiometabolic risk
Discussion
In this study, we used for the first time in Canada a validated web-based 24-h recall, the R24W, to report population-level intake estimates of low nutritive value foods. Among this age-and sex-representative sample of French-speaking adults of 5 regions of the Province of Quebec, we found that low nutritive value foods contributed to a nearly a third of total energy intake. This proportion was greater in men than in women, in participants with obesity and in participants with a lower education degree. Consistent with our hypothesis, greater intake from low nutritive value foods was associated with an adverse cardiometabolic risk profile including increased waist circumference, BMI and a perturbed serum lipid profile. Our data reinforce the importance of strong public health actions targeting foods with low nutritional value to impact the health of the population in Quebec and Canada, such as supporting food reformulation to improve nutritional quality of food. The 2014 HCST Tier System [12] was used in the present study to identify some low nutritive value foods. This nutrient profiling method has been criticized due to its inability to predict the risk of obesity in Canadian adults surveyed in CCHS 2004 [23] and its lack of consideration of food processing [24] . Indeed, we must acknowledge that the classification used in the present study for low nutritive value foods does not explicitly consider the degree of food processing, which may also provide information on food and diet quality [22, 24, 25] . On the other hand, the recently released Food Guide in Canada defines poor quality foods as "processed or prepared foods and beverages that contribute to excess sodium, free sugars, or saturated fat when consumed on a regular basis" [6] . These guidelines rely to a large extent on nutrient profiling to characterize low nutritive value foods rather than on food processing per se.
Comprehensive food and nutrient intake analyses derived from the most recent national survey (CCHS 2015) in Canada have yet to be published. Therefore, the most recent estimates of low nutritive value foods consumption in Canadians are derived from CCHS 2004 data. Blanchet et al. [26] reported dietary intakes specific to adults of the Province of Quebec using CCHS 2004 data. In their report, low nutritive value foods were the "other foods" category in CFG 1992 and contributed to 24.2%E (95%CI, 23.0 to 25.3) of the diet of adults of the province of Quebec [26] . In the same report, the main sources of "other foods" in adults from Quebec were sweets and desserts, alcohol and sugar-sweetened beverages. More recently, Jessri et al. [23] described dietary intakes of Canadian adults using data from CCHS 2004 and the HCST Tier system. Consumption of low nutritive value foods, also termed "other foods", ranged from 23%E to 31%E according to age (19 to 70 y) and sex. Low nutritive value foods consumption in adults from Quebec as reported by Blanchet et al. [26] is lower than in the present study (i.e., 29%E). On the other hand, we also found that pastries, alcohol, sweets and sugar sweetened beverages were the major single foods contributing to The numbers in subgroups may not sum to the total number of participants due to missing data. In such case, data were not imputed c CEGEP is a pre-university and technical college institution specific to the Quebec educational system total intake of low nutritive value foods in the diet of adults from Quebec, consistent with data from Blanchet et al. [26] . Estimates of overall contribution of low nutritive value foods to total energy intake in Canadian adults obtained by Jessri et al. [23] are more consistent with our data, which is unsurprising because both studies used a similar definition of low nutritive value foods. Finally, the 24-h recall was interviewer-administered in CCHS 2004 and self-administered on the Web in the present study. Nevertheless, data suggest that consumption of lower nutritive value foods has barely changed over the years, at least in French-speaking adults from Quebec.
Low nutritive value foods are by definition dense in saturated fat, sugar or sodium which, in turn, have been shown to influence cardiometabolic risk markers. A meta-analysis of 39 controlled trials revealed that higher compared with lower intakes of free sugars increased total and LDL cholesterol, TG and blood pressure [27] . However, another meta-analysis of isoenergetic intervention trials revealed unclear effects of free sugars on blood lipids when substituted for complex carbohydrates [28] . SSBs in particular are important contributors to weight gain, type 2 diabetes and cardiovascular disease risks [29] . A meta-analysis of trials comparing effects of All values are mean (95%CI). P-values are the partial effect of the sociodemographic characteristics on intake in the linear models. Except for the "all" estimates, subgroup least square means are adjusted for age group, sex, administrative region, BMI group, education and household income level, reporting status and the number of weekend recalls, when appropriate. Subgroups least square means without a common superscript letter indicate a low p-value (P < 0.05, TukeyKramer). Rounding of weighted frequencies may have caused sample size to equal 1147 ± 1 BMI body mass index, CI confidence intervals a Missing characteristics have been imputed. See Material and methods for details b CEGEP is a pre-university and technical college institution specific to the Quebec educational system fat and oils on blood lipids demonstrated that saturated fat, especially in the form of butter or lard, increased LDL cholesterol more than most unsaturated fat oils [30] . A meta-analysis of interventional studies revealed that heavy alcohol consumption (greater than 60 g per day), but not moderate, increased triglyceride concentrations [31] . A reduction in alcohol consumption lowers systolic and diastolic blood pressure according to another meta-analysis of randomized controlled trials [32] . In the present study, the combination of saturated fats, sugars, sodium provided by low nutritive value foods may have accentuated associations with cardiometabolic markers compared with associations based on one nutrient only. Associations of calories from low nutritive value foods with systolic and diastolic blood pressure, fasting insulin, HOMA-IR and C-reactive protein were attenuated when adiposity was accounted for in the models. Calories from low nutritive value foods may nevertheless have an indirect effect on these risk factors considering their association with BMI and waist circumference. This cross-sectional study has several strengths including the use of a validated web-based 24-h recall on repeated occasions, consideration of systematic error and within-person random errors in the analyses, an objective and accepted definition of low nutritive value foods and a comprehensive assessment of cardiometabolic risk markers. Limitations must also be acknowledged. Although associations between consumption of low nutritive value foods and cardiometabolic risk profile are consistent with data from randomized controlled trials [27, 30, 31] , the possibility of unaccounted residual confounding cannot be excluded. Second, the cross-sectional design of the PREDISE study limits inference regarding causality. For example, sensitivity analyses revealed that some associations such as the ones between BMI, waist circumference, triglycerides and calories from low nutritive value foods are modulated by overall diet quality, at least to some extent. As type I errors are probable under such design and multiple hypothesis testing, p values must be interpreted with caution. Third, multivariate modeling of correlated dietary components that are each subject to random error is an area of ongoing work [33] . Associations between usual intakes of low nutritive value foods and cardiometabolic risk could not be adjusted directly for concurrent variations in C-HEI, the proxy of diet quality. The fact that the associations between intake of low nutritive value foods and cardiometabolic risk factors appear to be independent of the C-HEI and total energy intake needs to be interpreted with caution. Indeed, such analysis of highly correlated variables that are not adjusted for within-person random error has the potential to produce spurious results. Fourth, the assumption that dietary intake estimates derived from the R24W are unbiased is unlikely to be satisfied, even when considering the plausibility of reported energy intakes. Fifth, despite the fact that participants in the PREDISE study are representative of the age and sex population among Frenchspeaking adults from the 5 administrative regions investigated, individuals with post-secondary education are over-represented, as described elsewhere [5] . This suggests that the true contribution of low nutritive value foods to total energy intake in the Quebec population may be even greater than what we have reported here. Finally, an updated version of the 2014 HCST is expected in the future to match the update of CFG [6] . Although the classification of some foods may change, the definition of low nutritive value foods in the present study is mostly based on saturated fats, sodium and sugars thresholds, which are consistent with the most recent CFG 2019 recommendations. Nonetheless, future analyses of low nutritive value food consumption will need to account for variations in the definition and classification of these foods.
Conclusion
In sum, in spite of long-standing recommendations to limit consumption of foods, beverages and ingredients high in saturated fat, sugar or sodium, low nutritive value foods rich in these nutrients contribute to nearly one third of total daily energy intake among Frenchspeaking adults from 5 regions of Province of Quebec. Our data further support the need to address the importance of low nutritive value foods and the resulting low quality diet in this population [5] , especially in light of clinically meaningful associations between consumption of such foods and increased waist circumference as well as a unfavourable lipid profile. Monitoring dietary intake over time, with consideration of both nutritive and less nutritive foods, will help to determine the effectiveness of nutrition-focused public health policies.
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